Purpose With cancer survivors now numbering over 13 million in the United States, and expected to continue to increase, it is important to consider the needs of this growing population. In the literature, one of the most common complaints by cancer survivors is perceived cognitive dysfunction. Since the preponderance of the research has focused on breast cancer survivors, the purpose of the present study was to explore the prevalence and correlates of perceived cognitive dysfunction in a large sample of cancer survivors with representation across a wide range of different types of cancer. Methods A sample of 3108 post-treatment cancer survivors completed the 2010 LIVESTRONG survey as part of a larger study of cancer survivorship. Respondents completed standardized questions regarding current and past perceived cognitive dysfunction, as well as depressive symptoms, and demographic and medical variables. Results Current perceived cognitive dysfunction was reported by nearly half of respondents (45.7 %), across a wide range of cancer types, with the highest prevalence among survivors of central nervous system cancers. Receiving chemotherapy and current report of depressive symptoms were both strongly associated with current perceived cognitive dysfunction. Conclusion These findings contribute to a growing appreciation of the high prevalence of perceived cognitive dysfunction in survivors of a wide range of cancer types and the potential interactive effect of concurrent symptoms of depression. These findings highlight a need to develop more effective means of preventing or reducing cognitive dysfunction in cancer survivors. Implications for Cancer Survivors Perceived cognitive dysfunction was reported in a wide range of cancer survivors. The potential interactive effect of symptoms of depression suggests the need to develop interventions targeting both cognitive dysfunction and depression to achieve improvements in cognitive functioning.
Introduction
The number of cancer survivors continues to grow each year, as a result of advances in treatments and better screening technology leading to earlier disease detection [1] . In 2012, there were about 13.7 million cancer survivors in the United States, and this number is expected to increase to 18 million by 2022 [2] . With this growing cancer survivor population, the burden of disease-and treatment-related survivorship issues increases proportionally [3] . Cognitive dysfunction has been a common complaint among cancer survivors for many years and was initially reported by breast cancer survivors who complained of mental fogginess during and after chemotherapy treatments [4] [5] [6] [7] . The term Bchemo-brain^was first used by breast cancer patients to describe a constellation of perceived cognitive limitations occurring during and after chemotherapy treatments, and Bchemo-brain^is increasingly recognized to be a major complaint of cancer survivors [4, 5] . Concerns reported by patients complaining of Bchemo-brain^can include difficulties in memory, concentrating and staying focused, word finding, executive function (e.g., time management, decision-making), and slower processing speed; however, the areas of cognitive functioning affected are variable between patients [8] . While much of the research on cognitive dysfunction has focused on survivors after completion of chemotherapy [9, 10] , cognitive concerns have also been reported in survivors treated after radiotherapy [5] and after hormonal therapy [11, 12] .
Many of these studies assessed cognitive dysfunction using self-report measures [13, 14] , while others have used objective cognitive tests [15, 16] often with inconsistent results between the two assessment approaches [15, [17] [18] [19] . Given this disparity, perceived cognitive dysfunction may be more likely to represent interference in daily functioning and quality of life in the cancer survivor [20, 21] . The preponderance of research on this topic has focused on breast cancer [8] . Perceptions of cognitive dysfunction and its impact on daily functioning for survivors of other types of cancer have begun to receive more recent research attention including colon cancer [22] , testicular cancer [23] , and patients undergoing allogeneic hematopoietic cell transplantation [24] . Particularly lacking are comparisons of the severity of these issues across survivors of different types of cancer.
Depression and depressive symptoms are also common problems for cancer survivors and may be associated with severity of cognitive dysfunction [8, 21] . This association has been reported in survivors assessed just after completion of adjuvant therapies [4] , as well as more than 5 years posttreatment [21] . Again however, existing research has largely focused on breast cancer [25, 26] . A better understanding of the prevalence and impact of perceived cognitive dysfunction among survivors of different types of cancer and cancer treatments, as well as associations with depressive symptoms, would have important implications for interventions to improve the lives of cancer survivors.
The goal of the present paper is to explore the prevalence, characteristics, and correlates of perceived cognitive dysfunction in a large sample of post-treatment cancer survivors from the 2010 LIVESTRONG Survey Data and to explore associations with depressive symptoms. We hypothesized that the severity of perceived cognitive dysfunction among survivors will differ across different types of cancer and will be positively associated with a history of chemotherapy, as well as with higher levels of depressive symptoms.
Methods Procedure
The LIVESTRONG 2010 survey was fielded online from June 2010 through March 2011 to assess post-treatment cancer survivors' experiences (see Rechis et al. [27] for details on administration and a copy of the survey instrument). The survey was available on LIVESTRONG.org, and LIVESTRONG constituents (e.g., those who either received LIVESTRONG services or who participated in a prior LIVESTRONG event) were notified about the survey through emails and Twitter and Facebook posts. Additionally, LIVESTRONG reached out to partner organizations (e.g., the American Cancer Society) and state cancer coalitions who shared information about the survey with their constituents. Finally, LIVESTRONG worked with seven National Cancer Institute Comprehensive Cancer Centers to share the survey with patients.
Participants
A total of 4286 post-treatment cancer survivors responded to the 2010 LIVESTRONG survey. Post-treatment cancer survivors were defined as respondents who reported being finished with their initial regimen of curative cancer treatment. Respondents taking endocrine medication (e.g., tamoxifen) to reduce risk of recurrence were included. Respondents were excluded from the current analyses if they reported a recurrence of their cancer after completion of all adjuvant therapies for their primary diagnosis or if they reported a second primary cancer (n=861). Childhood cancer survivors (diagnosed at or before age 14) were also excluded (n=139), as were any respondents missing the items assessing perceived cognitive dysfunction or depression (n=182). The final sample for analyses included 3108 cancer survivors.
Measures
Perceived Cognitive Dysfunction (PCD). Questions about PCD were presented as a series of items starting with the following statement: BSince completing treatment, have any of the following statements been true for you as a result of your experience with cancer?^The statements included five items (coded yes, no, or don't know) assessing perceived cognitive dysfunction (i.e., BI have had difficulties doing activities that require concentration,^BI have been bothered by having a short attention span,^BI had trouble remembering things,^BI have been bothered by forgetting what I started to do,^and BI have had 'chemo-brain'^). If the respondent endorsed any of the items, then the respondent was considered to have been or currently be experiencing PCD. BDon't know^responses were infrequent and were coded as Bno.^The first four items are from the Quality of Life in Adult Cancer Survivors (QLACS) questionnaire and make up the Bcognitive problems^subscale [28] . The final item regarding Bchemo-brain^was added based on several years of work on the part of the LIVESTRONG Foundation with experts and survivors [27] .
Current status of PCD was operationally defined by responses to questions asking if cognitive dysfunction had been experienced (a) Bbefore my experience with cancer^; (b) Bsince completing treatment for cancer, and in the last six months^; and (c) Bsince completing my treatment for cancer, but not in the last six months.^Respondents were instructed to check any applicable category. Respondents were also asked how much PCD has limited activities over the past 7 days by choosing Ba lot,^Ba little,^Bnot at all,^or BI don't know.D epressive symptoms. Questions about depressive symptoms were also presented as a series of items starting with the same statement as the perceived cognitive dysfunction items: BSince completing treatment, have any of the following statements been true for you as a result of your experience with cancer?^This was followed by a series of statements including BI have felt blue or depressed^and BI have been told by a doctor that I am suffering from depression.^If the respondent endorsed either of these two statements, then the respondent was considered to have been or to be currently experiencing depressive symptoms. The first item is from the QLACS questionnaire [28] . The second item was added based on several years of work on the part of the LIVESTRONG Foundation with experts and survivors [27] .
Current status of depressive symptoms was operationally defined by a positive response to questions assessing if depression had been experienced (a) Bbefore my experience with cancer^; (b) Bsince completing treatment for cancer, and in the last six months^; and (c) Bsince completing my treatment for cancer, but not in the last six months.^Respondents were instructed to check any applicable category.
The survey items described above were developed over several years of work on the part of the LIVESTRONG Foundation during which experts and survivors were consulted in a process of formative research to arrive at a series of items that reflected the challenges people affected by cancer were facing when they presented to LIVESTRONG for services [27] .
Demographic and cancer-related variables. Demographic variables included age, gender, race/ethnicity, education, marital status, employment status, and household income. Cancerrelated medical variables included type of cancer, treatment received (i.e., chemotherapy, radiation, surgery, hormonal therapy, no treatment), time since diagnosis, and time since completing initial curative treatment.
Analytic approach
Descriptive statistics were used to characterize the presence and history of PCD and depression, as well as demographic and clinical characteristics of the sample. Time since diagnosis was log-transformed in order to normalize its skewed distribution. Other variables met standard normality criteria.
Bivariate statistics (correlation, t tests, analysis of variance (ANOVA), and chi-square tests) descriptively characterized relationships between PCD and each of the demographic and clinical variables.
Logistic regression was used to model odds of reporting PCD. All study variables were included in the logistic regression based on a priori hypotheses. Potential predictors were entered in categories as follows: demographic, cancer-related, pre-cancer history of perceived cognitive dysfunction and/or depression, and current depression. Data analyses were conducted using IBM SPSS Version 20.
Results

Descriptive statistics
Participants were, on average, 48.8 (sd=12.1, range=18-94) years old and 4.6 (sd=5.5, range 0-43, skewness=2.28) years post-diagnosis. More than half (62.4 %) of the sample were female, most were married or partnered (69.0 %), most were White (86.9 %), more than half had a college education (52.1 %), and more than half were employed full-time (59.2 %). Household income ranged from less than $40,000 to over $120,000 annually, and most had health insurance (82.9 %).
The primary cancer types reported with the greatest prevalence were as follows: breast (29.1 %), testicular (9.1 %), prostate (7.4 %), colorectal (5.8 %), nonHodgkin's lymphoma (5.5 %), Hodgkin's lymphoma (5.2 %), and head and neck (3.1 %). One quarter of participants (25.7 %) did not receive any treatment for their disease or only had surgery, while 15.6 % had radiation or radiation and surgery. Over half of participants received chemotherapy (58.7 %), many in addition to radiation (7.6 %), surgery (17.3 %), or both (24.2 %). Hormonal therapy was received by 14.8 % of participants.
Current PCD was reported by 45.7 % of the sample (n= 1419). Among the five items used to assess PCD, 8.8 % endorsed one item, 9.8 % endorsed two items, 11.9 % endorsed three items, 15.9 % endorsed four items, and 27.0 % endorsed all five items. The item BI had trouble remembering thingsŵ as endorsed the most frequently (65.4 %). Perceived cognitive dysfunction after cancer diagnosis, but not in the last six months, was reported by 11.2 % of participants, while 6.1 % reported PCD prior to cancer diagnosis. Only those participants that reported PCD in the last six months were included in the final sample for further analyses.
Participants described limitations on daily activities over the past 7 days from PCD as Ba lot^(11.5 %), Ba little( 48.9 %), Bnot at all^(38.5 %), and BI don't know^(1.1 %). Current depression was reported by 66.8 % of the sample.
Depression after cancer diagnosis, but not in the last six months, was reported by 13.0 % of participants, while 16.3 % reported depression prior to cancer diagnosis.
Bivariate analyses
Bivariate associations between PCD and demographic characteristics are shown in Table 1 
Logistic regression
Logistic regression was used to model the odds of reporting PCD, as shown in Table 2 and Fig. 1 . Demographic factors associated with greater odds of PCD included the following: female gender, declining to report household income, and having health insurance. Demographic factors not associated with greater odds of PCD were as follows: race, marital status, education, and employment status. Clinical factors associated with greater odds of PCD included the following: more recent diagnosis, being diagnosed with cancer of the central nervous system (e.g., primary brain tumor), and reporting a pre-cancer history of perceived cognitive dysfunction. Figure 1 shows prevalence of PCD by cancer tumor type. Clinical interventions associated with greater odds of PCD included the following: receiving chemotherapy and receiving hormonal therapy. Current report of depression was also strongly associated with greater odds of PCD. Clinical factors not associated with greater odds of PCD were as follows: surgical intervention, receiving radiation, and reporting a pre-cancer history of depression.
Discussion
The transition from cancer patient to cancer survivor is a bumpy road with many challenges that are still not well understood by health-care professionals [29] . Cognitive dysfunction is increasingly recognized as an ongoing cancer and treatment-related survivorship issue and was among the most frequently reported survivorship concerns on the 2006 LIVESTRONG survey [3] . In the present study of 3108 survivors from the 2010 LIVESTRONG survey [27] , nearly half of the participants reported PCD, showing that perceived cognitive dysfunction continues to be a significant survivorship concern. Of those reporting PCD in the present study, over 60 % described some degree of limitations on daily activities from PCD.
Other studies have found similar rates of post-treatment cognitive dysfunction after completion of treatment [21, 30] ; however, much of this literature has been limited to breast cancer survivors [5, 8] . The present study included survivors of many different types of cancer and provides a unique look at the incidence of PCD, assessed with a common set of questions applied to a large sample of respondents. Study participants with a primary diagnosis of central nervous system cancer were the most likely to report PCD (81 %). This percentage is likely high due to direct tumor impact in survivors of primary brain tumors [31, 32] , and may also be due to treatment-related factors such as the known side effects of bevacizumab and anti-epileptic drugs that are normally prescribed for CNS cancer patients [33, 34] . However, PCD was widely reported among survivors of all cancer types with about half of the study participants with breast, lymphoma, colorectal, and head and neck cancers reporting PCD (44.2-57.6 %, see Fig. 1 ). Interestingly, the odds of reporting PCD in breast cancer participants were not significantly different than for other cancers, with the exception of central nervous system tumors (see Table 2 ).
The extant literature on cognitive dysfunction in cancer survivors is limited regarding associations with demographic and clinical characteristics outside of research with breast cancer survivors, although this trend has started to change in the past few years (please see [22] [23] [24] ). In the present study, participants reporting PCD tended to be younger, female, employed other than full-time, separated/divorced/widowed, and have lower household income. These findings are consistent with prior studies showing an association between age and cognitive dysfunction in survivors [35] [36] [37] ; however, please note that these studies focused on accelerated cognitive decline in older cancer survivors [38] while the sample in the present study is younger with a broad age range. One possible reason for the association between age and PCD found in the present study sample may be that younger survivors are often trying to manage typical young adult concerns such as early career obligations and raising children while also coping with cancer diagnosis and treatment; thus, even minor changes in cognitive functioning are noticed and can impact daily functioning and life balance. While age and being separated/divorced/widowed were associated with report of PCD in the bivariate models here, in the logistic regression, age was not predictive of PCD nor was partner status.
Treatments for cancer are aggressive and can include multiple interventions such as surgery, chemotherapies, radiation, immunotherapies, and hormonal therapies, and the vast improvements in the efficacy of these treatment modalities are the primary reason for the exponential growth in survivors [1] . However, cancer treatments can be highly toxic and are often non-specific, affecting normally functioning cells and bodily systems. Many prior studies of post-treatment cognitive dysfunction have focused on chemotherapy as the Bsource^for cognitive dysfunction, as assessed using standard neuropsychological tests as well as via self-report instruments of perceived cognitive dysfunction. Consistent with this view, in the present study, a history of chemotherapy treatment was found to be the strongest predictor of PCD. The central nervous system may be particularly sensitive to toxicities associated with chemotherapy treatments either directly after exposure to chemotherapy [39] or indirectly via chemotherapy-induced systemic inflammation or hormonal changes [40] . Results of the present study also show that these effects are comparable across most cancer types. Hormonal therapy was also found to be a predictor of PCD. These therapies have become standard treatment for some cancers (e.g., breast cancer, ovarian cancer, prostate cancer [41, 42] ). Several recent studies provide evidence of cognitive dysfunction associated with these therapies with self-report assessments and via standard neuropsychological assessment [11, 43] . However, no association between hormonal therapy and cognitive dysfunction has also been found [44] , suggesting the need for more research. Participants that reported experiencing PCD prior to cancer diagnosis and treatment were also more likely to report PCD in the past 6 months as shown Table 2 . This association has been found in several studies [45, 46] with cognitive dysfunction assessed even before receiving any treatments for cancer. However, the exact mechanisms are not well understood and have not been addressed directly [47] . Pre-treatment cognitive dysfunction may be associated with inflammatory responses to the disease which results in neurotoxic cytokines [40] , as well as other risk factors for post-treatment cognitive dysfunction such as hormonal changes [48] , diminished cognitive reserve [37, 49] , and possibly depression [50, 51] .
Current symptoms of depression were reported by well over half the study sample (66.8 %), consistent with previous studies suggesting that depression may be an under-recognized, under-reported, and under-treated issue for many cancer survivors [52] [53] [54] . Symptoms of depression may of course be heightened by the impact of other survivorship issues, including cognitive dysfunction. Interestingly, previous studies have suggested that declines in cognitive dysfunction after adjuvant treatments may be exacerbated by significant symptoms of depression in cancer survivors [4, 8, 21] . In the present study, participants reporting PCD also endorsed significant symptoms of concurrent depression in both bivariate and logistic regression analyses. Indeed, current symptoms of depression were the strongest correlates of PCD in logistic regression after chemotherapy.
Survivors experiencing significant PCD may potentially benefit from cognitive training and rehabilitation programs. Cognitive training and rehabilitation has proven effective in treating cognitive dysfunction in other medical populations such as stroke [55] , traumatic brain injury [56] , and more recently mild cognitive impairment [57] . The new generation of computerized cognitive training programs use repetitive hierarchical tasks designed to exercise and improve attention, memory, processing speed, and executive functioning. Research in medical populations is still being developed, and recent studies have demonstrated benefit of these programs on cognitive functioning in breast cancer survivors [58] , childhood cancer survivors [59] , and individuals with mild cognitive impairment [60] . These studies, however, did not intervene to reduce depressive symptoms [61, 62] , which an emerging literature suggests may have beneficial effects on cognitive function as well [63, 64] . The association between heightened depressive symptoms and perceived cognitive dysfunction found in the present study raises the possibility that concurrent treatment of cognitive dysfunction and symptoms of depression may be a particularly powerful strategy for cancer survivors, with potential for synergistic enhancements in efficacy. Additional research is needed to (1) improve identification of PCD in cancer survivors of all tumor types, (2) better educate survivors on potential ways to lessen the impact and interference of PCD on daily activities by providing self-care strategies, and (3) develop interventions to concurrently improve PCD and reduce comorbid symptoms of depression. Given the recent strong evidence of the benefit of concurrent mild exercise (e.g., brisk walking) with cognitive training on patients with mild cognitive impairment [65, 66] , similar benefits may be found in cancer survivors.
Limitations
Several limitations of the study must be noted. First, the study relied on a cross-sectional, anonymous survey. Thus, the temporal and causal direction of the observed associations among the study variables cannot be determined. Prospective longitudinal studies and randomized intervention trials are needed to determine causal relationships among variables associated with perceived cognitive dysfunction in cancer survivors. The significance of this issue is particularly relevant regarding the relationship between symptoms of depression and current cognitive dysfunction, given our finding that current depression is strongly associated with current perceived cognitive dysfunction in the study sample. Second, the survey did not employ validated self-report measures of depression or cognitive function. Instead, face valid, consensus-derived items were used. The findings reported here thus need to be confirmed in future research using validated measures established to have strong psychometric properties. Third, cognitive dysfunction was not assessed objectively using well-established (though lengthy) cognitive testing approaches. Perceptions of cognitive dysfunction assessed via self-report measures, even validated instruments, have been inconsistent with results obtained using objective testing tools [67, 68] . It should be noted however that perceived cognitive dysfunction is more likely to capture the respondent's experiences of interference in daily functioning and quality of life [68] . Fourth, two of the items used to assess PCD (BI have had difficulties doing activities that require concentration^and BI have been bothered by having a short attention span^) overlap with one of the diagnostic criteria for depression (DSM-V, APA); thus, study participants that endorsed one or both of these items may have been experiencing symptoms of depression. Finally, given the anonymous, online, and voluntary nature of the survey, respondents may not be representative of the general population of cancer survivors; thus, caution should be used when interpreting results.
Conclusion
The findings reported here contribute to a growing scientific understanding of the prevalence and correlates of cognitive dysfunction in cancer survivors and the potential interactive effects of concurrent symptoms of depression that may exacerbate the severity and impact of cognitive dysfunction. The high prevalence of perceived cognitive dysfunction found in the current study, with nearly half the study sample endorsing current cognitive dysfunction and interference in daily activities, underscores the importance of the problem and the need to develop and apply more effective interventions.
